Background Many studies suggest long femoral components should be used in revision THA. However, longer stems are more difficult to insert and reduce femoral bone stock for future revisions. Questions/purposes We investigated (1) how frequently a short (B 160-mm or primary-length) fully porous-coated stem could be utilized for Paprosky Type I to IIIA femoral defects, (2) how often the tip of the old stem or cement mantle was bypassed by the revision implant, (3) Harris hip scores, radiographic signs of osseointegration, and revision frequency, and (4) complications associated with these reconstructions. Methods Two surgeons performed 277 femoral revisions graded as Paprosky Types I to IIIA between 2004 and 2009. When femoral canal diameter was less than 18 mm, these surgeons generally used the shortest stem capable of achieving a minimum of 4 cm of scratch fit in the femoral isthmus. Patients were evaluated clinically using the Harris hip score and radiographically for component loosening and to determine whether the revision component bypassed the prior stem tip or cement mantle. Results A short stem was utilized in 144 of the 277 revisions (52%). In 113 (78%), the revision femoral component did not bypass the tip of the prior stem or cement mantle. The Harris hip score improved (p \ 0.001) from 36 preoperatively to 76 at a mean of 4 years (range, 2-8 years). Twelve stems required repeat revision including six (4.9%) for failed ingrowth. Complications included four intraoperative fractures, three postoperative femoral fractures, one cortical perforation, and eight dislocations. Conclusions Primary-length extensively coated stems provided reliable fixation for 1 .
Level of Evidence Level IV, therapeutic study. See the Instructions to Authors for a complete description of levels of evidence.
Introduction
Rates of revision THA continue to rise [15] . The revision hip surgeon faces a multitude of decisions regarding preoperative planning, approach, implant type, and postoperative management. There remains a paucity of literature to assist the surgeon with the difficult choice of femoral implant type in revision THA.
THA revisions involving the femoral component are often complicated by proximal femoral bone loss. Fully porous-coated cementless stems provide a durable option for achieving stable distal fixation [10, 14, 16, 21, 23, 24, 30] . Historically, it has been suggested that revision stems should bypass femoral defects by at least two cortical diameters [4] . However, this practice is not well supported in the literature. Furthermore, the use of longer revisiontype stems oftentimes requires navigation of the femoral bow [18, 27] , which increases complexity, may increase the risk of intraoperative fracture [5] , and reduces bone stock for future reconstructions [25] .
Studies assessing radiographic osseointegration [6] , stem failure rates [23] , and torsional stability [19] demonstrate that a minimum of 4 cm of diaphyseal scratch fit is needed to provide adequate cementless fixation of the femoral component. In cases of mild to moderate proximal bone loss (Paprosky I, II, and IIIA femoral defects), this can often be achieved with the use of a primary-length fully coated monoblock femoral component that may not bypass the distal margin of the prior stem or cement mantle.
We therefore investigated (1) how frequently a short (B 160-mm or primary-length) fully porous-coated stem could be utilized for Paprosky Type I to IIIA femoral defects, (2) how often the tip of the old stem or cement mantle was bypassed by the revision implant, (3) Harris hip scores, radiographic signs of osseointegration, and revision frequency associated with these reconstructions, and (4) complications associated with the use of primary-length stems in revision THAs.
Patients and Methods
After obtaining institutional review board approval, we reviewed the medical records of 343 consecutive patients who underwent revision of the femoral component by one of the two senior authors (SMS, CJDV) between June 2004 and December 2009. The radiographs of these hips were graded using the Paprosky classification to identify all Paprosky Type I to IIIA femoral defects where a fully porous-coated stem could theoretically have been utilized [7] (Fig. 1 ). Sixty-six revisions were graded as Paprosky IIIB or IV, leaving 277 revisions that were reviewed. Our preference was to use primary-length, fully coated stems when initial intraoperative stability could be achieved with a minimum of 4 cm of scratch fit in the femoral isthmus. Common reasons for not using the primary-length stems included the following: in Type I defects, a proximally coated primary-length stem could occasionally be used (akin to a primary procedure), particularly in cases of failed hip resurfacings; in Type II defects, a slightly longer (7-inch) fully coated stem was sometimes needed to achieve adequate diaphyseal scratch fit for intraoperative stability; and in Type IIIA defects, a 7-or 8-inch fully coated monoblock stem was required for defects that spanned more distally, and modular titanium tapered stems were generally used if the diameter of the canal was larger than 18 mm or if marked proximal femoral remodeling precluded the use of a monoblock stem to optimize stability. A total of 144 femoral revisions in 139 patients were performed using primary-length fully coated monoblock stems. Of the 139 patients, 13 (9.0%) were deceased and nine (6.3%) were lost to followup before a minimum of 2 years, leaving 117 patients with 122 revisions. These 65 women and 52 men had a mean age at time of surgery of 63 years (range, 22-88 years) and were followed for a minimum of 2 years (mean, 4 years; range, 2-8 years).
Preoperative femoral defects included two (1.6%) Paprosky Type I, 64 (52%) Type II, and 56 (46%) Type IIIA. The indication for revision THA was periprosthetic joint infection in 54 (44%) hips, aseptic loosening in 48 (39%), instability in seven (5.7%), periprosthetic femur fracture in six (4.9%), broken stem in two (1.6%), polyethylene wear with osteolysis in two (1.6%), metallosis in one (0.8%), failed resurfacing in one (0.8%), and component malposition (retroversion) in one (0.8%). Before revision surgery, templates were used to estimate the length and diameter of the stem required to achieve a minimum of 4 cm of scratch fit in the femoral isthmus. In all revisions, the femoral canal was underreamed by 0.5 mm relative to the diameter of the final implant. The distribution of stem diameters utilized is provided ( Table 1 ). An extended or extra-extended offset neck was used in 17 (14%) hips and a low head center option neck was used in three (2.5%) hips. The specific stems used included the VerSys 1 6-inch Beaded Full Coat (Zimmer Inc, Warsaw, IN, USA; n = 106), VerSys 1 Epoch 1 2 Full Coat (Zimmer Inc; n = 5), Echelon Primary (Smith & Nephew Inc, Memphis, TN, USA; n = 10), and Solution System 1 (DePuy Orthopaedics Inc, Warsaw, IN, USA; n = 1). These devices were all FDA-approved for this use. All revision procedures were carried out via a posterior approach to the hip and an extended trochanteric osteotomy was utilized in 30 (25%) revisions. The general indications for extended osteotomy in these patients included the removal of a well-fixed cemented or cementless stem to access the bone-cement or bone-prosthesis interface or the presence of a subsided femoral component in which extraction using standard techniques would risk fracture of the greater trochanter. Concomitant acetabular component revision was performed in 97 (80%) revisions. The bearing surface was metal-on-polyethylene in 121 hips (99%) and metal-on-metal in one hip (0.8%).
Each patient was evaluated preoperatively and postoperatively at 3 weeks, 6 weeks, 3 months, and annually thereafter for examination and radiographic followup. At each visit, standard evaluation measures included a Harris hip score [12] and plain radiographs (an AP view of the pelvis and AP and lateral views of the affected hip and femur). The 6-week postoperative plain films were compared to preoperative films to determine how often the revision stem bypassed the prior stem tip or cement. Serial radiographs were reviewed to evaluate osseointegration of the revision component using the criteria of Engh et al. [9] . Harris hip scores preoperatively and at final followup were compared using a paired t-test. Complications, including femoral fracture, dislocation, infection, and failed ingrowth of the femoral component, were noted and rerevision rate of the femoral component was assessed.
Results
Using our indication of employing primary-length revision stems when initial intraoperative stability could be achieved over 4 to 6 cm of diaphysis, we found we were able to use these short fully coated stems in a little more than 1 .
2 of Paprosky I to IIIA femoral revisions. Of 277 consecutive revisions over a 6.5-year period, a primary-length fully porous-coated stem was utilized in 144 (52%) instances. This included two of five (40%) Type I, 77 of 112 (69%) Type II, and 65 of 160 (41%) Type IIIA femoral defects.
Most of the primary-length fully coated revision stems did not bypass the tip of the prior stem or cement mantle (113 of In the 122 hips with at least 2-year followup, the mean Harris hip score improved (p \ 0.001) from a preoperative mean of 36 points (range, 0-93 points) to 76 points (range, 21-100) at the time of the most recent evaluation. Six of the 122 stems (4.9%) were determined to be loose on plain radiographs and underwent repeat femoral revision. The remaining stems were noted to be osseointegrated (Fig. 2) . The loose stems occurred in four of 64 (6.3%) Type II femurs and two of 56 (3.6%) Type IIIA femurs. One of nine (11.1%) stems with a diameter of greater than 19 mm failed due to aseptic loosening compared to five of 113 (4.4%) with a diameter of 19 mm or less. An additional five stems (3.5%) were removed for deep infection and one well-fixed stem (0.7%) was revised for exposure during a complex acetabular revision.
Additional complications included five (3.5%) intraoperative femoral shaft fractures (three Vancouver C fractures [3, 8] managed with a locking plate, one proximal femoral fracture treated with cerclage cables, and one anterior cortical perforation managed without further intervention); three (2.1%) postoperative fractures (all Vancouver B1; two treated with a locking plate and one managed nonoperatively); and eight (5.6%) dislocations (four close reduced without surgical intervention, three requiring conversion to a constrained liner, and one requiring revision for a loose stem). The five intraoperative fractures occurred in femurs in which the prior stem and cement mantle were not bypassed.
Discussion
Most femoral revisions in North America are performed with cementless stems. Goals of the procedure include obtainment of rigid immediate distal fixation to allow for osseointegration of the implant [9] . Many surgeons believe that revision femoral components must be long and bypass the prior stem [4] . We investigated the use of primary-length diaphyseal-engaging porous-coated stems in patients with mild to moderate femoral bone loss (Paprosky Types I-IIIA) in terms of (1) how frequently a short (B 160-mm or primarylength) fully porous-coated stem could be utilized for these femoral defects, (2) how often the tip of the old stem or cement mantle was bypassed by the revision implant, (3) Harris hip scores, radiographic signs of osseointegration, and revision frequency, and (4) complications. Limitations of this study include its retrospective nature. A prospective randomized study would better answer whether the use of a shorter fully porous-coated stem would provide superior radiographic or clinical results or a lower risk of complications than would a longer-length or different stem design. That said, our retrospective series is large and we used consistent indications that should generalize well to most revision settings. Our length of followup was also relatively short; however, once osseointegrated, this type of stem has not been associated with loosening and thus we believe our results on osseointegration are likely to be durable [21, 23, 30] . Selection bias is a possible study limitation as some patients were deemed candidates for this approach while others were not. It is important to emphasize, however, that patient selection, even among those with Type I to IIIA femur defects, is vital to the effectiveness of this technique; in patients with considerable proximal remodeling of the femur or canal diameters larger than 18 mm, utilization of a monoblock fully coated stem is not recommended. Only in patients with 4 cm of isthmus available for distal fixation and canal diameters smaller than 19 mm is it reasonable to attempt this approach. Finally, while our results reported are good, the surgical technique may be experience-dependent as the authors had significant exposure to inserting stems of this design during their fellowship training and subsequent practice. While not a ''limitation'' of our study per se, we would like to point out that the selective use of short stems in the revision setting was based on the particular patterns of femoral bone loss identified on preoperative radiographs that we described in the Patients and Methods section. We continue to believe that acute intraoperative femoral perforations and severe femoral cortical defects identified preoperatively should be bypassed by using longer stems.
Our study found that a primary-length monoblock stem can be used in approximately 1 .
2 of femoral revisions associated with mild to moderate bone loss, and that this approach to reconstruction achieves a high rate of osseointegration so long as 4 cm of distal fixation is obtained. Krishnamurthy et al. [14] reported using 6-inch fully coated stems in 109 of 297 (36.7%) cementless femoral revisions for Type I to III femoral defects using an earlier classification system before the differentiation of Type IIIA and IIIB femoral defects. Our study strengthens the literature in support of this technique by showing that an even larger portion of revisions is amenable to primary-length stems when Type IIIB femoral defects are removed. Advantages of using a shorter stem include a simpler surgical technique [18, 27] , the potential for a lower risk of complications [5] , and preservation of femoral bone stock for future revisions if required [25] . Although the numbers of patients in each of our subgroups was small, we did see a trend toward a higher risk of failed ingrowth with stem diameters larger than 18 mm, and in these situations, we typically will use a tapered, titanium modular stem, as prior work has shown a canal diameter larger than 18 mm to be a risk factor for failure of osseointegration with monoblock fully coated stems [26] .
Others have suggested that revision stems should bypass the tip of the prior stem or cement mantle by two cortical diameters [4] . In our series, the tip of the prior stem or cement mantle was not bypassed in the majority of revisions (78%), with a low rate of failed osseointegration similar to those of prior studies ( Table 2) . A key objective of femoral revision is to replace the initial stem with a stem that gains fixation ''as proximal as possible and as distal as necessary'' [2] . Because of proximal bone stock deficiency in the majority of revisions, axial and rotational stability is most reliably achieved in the diaphysis rather than the metaphysis [14, 28] ; however, it does not appear that the revision implant must bypass the tip of the prior stem or cement mantle in most cases. This is an important and relatively novel point of emphasis of our work: primarylength fully coated stems may be utilized even when they stop short of prior defects.
The radiographic and clinical outcomes reported in this study are comparable to published data on the use of extensively coated monoblock stems in comparable femoral defects ( Table 2) . We observed osseointegration of 96% of stems, while average rates of osseointegration reported for prior series of Paprosky Type I to III femoral revisions have ranged from 82% to 96% [6, 14, 30] . While prerevision femoral bone stock has been shown to influence the potential for osseointegration of the stem [11, 18, 26] , we did not observe a tiered difference in osseointegration rates among Type I, II, and IIIA defects, as was previously reported by Szusczewicz and Engh [29] . The reason for this discrepancy is unclear, but we believe our findings reinforce that short stems can be utilized effectively across this spectrum of femoral defects so long as consistent parameters are present (C 4 cm of diaphyseal scratch fits in canals B 18 mm).
The rate of intraoperative femoral fractures observed in this study (3.5%) compares favorably with those reported for prior series of cementless revisions, which ranged as high as 20.9% [1, 13, 17] . Using fully porous-coated cylindrical stems, Weeden and Paprosky [30] reported an 8% risk of femoral fracture during stem insertion and a 5.9% risk of perforation or fracture during cement removal. That study included Type IIIB defects in addition to Type I to IIIA defects but did not differentiate rates of intraoperative fracture among the groups. Nonetheless, the high rate of femoral fracture during stem insertion reinforces the need for careful exposure and insertion of the stem and seems to support the use of shorter stems that avoid the femoral bow if and when adequate fixation can be achieved [5] . It is important to note that three of the four intraoperative fractures requiring intervention in our series were Vancouver C fractures (distal to the implanted stem) and thus likely were related to torquing of the distal femur (most commonly during trialing and final reduction of the hip). Particular care must be taken during this portion of the surgery as well, as a possible trade-off of ''going short'' is fewer fractures during stem insertion relative to longer stems but increased susceptibility to stresses at the end of the stem during hip reduction. Our dislocation rate in this study was also substantial, as we have reported in other studies [22, 31] . We believe that this is unrelated to use of a shorter stem but rather an inherent part of revision THA that is independent of stem length. On the basis of our experience, we believe that many femoral revisions with mild to moderate bone loss (Type I-IIIA defects) can be performed effectively with the use of a primary-length diaphyseal-engaging fully porous-coated stem. We believe it is not necessary to bypass prior defects as long as 4 cm of scratch fit is obtained. By using a shorter stem, the femoral bow is avoided, yielding a more straightforward technique and preserving bone stock for future revisions. The revision surgeon should be aware that a possible trade-off of ''going short'' is increased susceptibility to torquing stresses at the end of the stem resulting in intraoperative fracture during component trialing and final hip reduction. Our findings should be verified in prospective, comparative trials.
